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[57] ABSTRACT 
An intake air amount detecting system which com 
prises: 

a temperature-dependent resistor disposed in an in 
take air path of an internal combustion engine; 

a sensor control circuit which feeds a heating current 
to the temperature-dependent resistor, which de 
tects the change in resistance of the temperature 
dependent resistor, which ampli?es the detected 
signal, which effects the compensation depending 
upon the temperature of the intake air, and which 
controls the heating current in order to maintain 
the temperature of the temperature-dependent re 
sistor constant; and 

an operation circuit which converts a signal that 
represents the heating current into an intake air 
?ow rate; 

wherein the sensor control circuit is provided with a 
response-adjusting circuit which delays the re 
sponse of the heating current only when the intake 
air flow rate decreases. 

8 Claims, 11 Drawing Figures 
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INTAKE AIR AMOUNT DETECTING SYSTEM 
FOR INTERNAL COMBUSTION ENGINES 

BACKGROUNI) oF THE INVENTION 
The present invention relates to an intake air amount 

detecting system employing a temperature-dependent 
resistor which is electrically heated. 

In a system disclosed in U.S. Pat. No. 3,747,577, a 
temperature-dependent resistor is disposed in an intake 
air path of the engine, and is connected as one arm of a 
bridge circuit. A diagonal point of the bridge circuit is 
connected to the input terminal of an ampli?er, and the 
electric current for heating the resistor is controlled by 
the output of the ampli?er. Namely, the resistor also 
serves as a sensor for detecting its own temperature. 
The change in the temperature of the resistor caused by 
the change in the air flow velocity is detected in the 
form of change in balance of the bridge circuit. There 
fore, the heating circuit is controlled, and the tempera 
ture of the resistor is adjusted to remain constant. With 
this arrangement, the output of the ampli?er is used as a 
signal which represents the intake air ?ow rate to con 
trol the fuel injection of the engine. 

In the intake air amount detecting system of the type 
mentioned above, the response characteristics for pro 
ducing thedetection signal that represents the intake air 
flow rate vary‘depending upon the thermal capacity of 
the sensor unit formed by the temperature-dependent 
resistor. However, if the mechanical strength and dura~ 
bility of the sensor are taken into consideration, there is 
a limit to which the thermal capacity of the sensor can 
be reduced. Especially, if the sensor is constructed to be 
very durable so that the resistor will not be damaged 
even when the engine develops a back-?re, the thermal 
capacity of the sensor becomes so great as to create a 
problem with regard to the response characteristics of 
the sensor. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide an 
intake air amount detecting system in which the delay in 
the value of air flow rate represented by a current for 
maintaining the sensor temperature constant does not 
giverise to the occurrence of error in detecting the 
intake air amount. Namely, the intake air amount de 
tecting system of the present invention prevents the 
occurrence of error that hinders accurate control of the 
engine, and therefore, features a practically high detect 
ing precision. ‘ 

If an electrically heated resistor is disposed in the 
stream of air, and if the temperature of the resistor is 
maintained constant, there holds the following relation 
ship is established between the air flow rate qa and the 
heating current I under a steady-state condition, 

(I) 
12 = a + b \l; 

a: constant 

b: constant 
Under a non-steady-state condition in which the air 

flow rate changes, on the other hand, the following 
equation holds true between the air flow rate q,, and the 
heating current I, if the thermal capacity of the resistor 
is denoted by C, ‘ _ q , " 
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The equation (2) can be modi?ed to obtain the fol 
lowing equation, 

(3) 

In the equation (3), the second and third terms on the 
left side represent the delay in the response of the heat 
ing current I with respect to the change in the air ?ow 
rate qa. 

Here, the heating current is more delayed when the 
air flow rate increases than when the air flow rate de 
creases. This is explained by the fact that the second 
term and the third term on the left side of the equation 
(3) assume the same sign when the air flow rate in 
creases, and assume different signs when the air flow 
rate decreases. 

In the system for detecting the intake air amount by 
detecting the heating current, what is a problem is that 
when the air flow undergoes pulsation due to the delay 
in response, the detection signal represents a value that 
is smaller than that of the practical air ?ow rate. This 
error is not constantly produced, but is produced only 
when the air flow undergoes pulsation. Accordingly, 
the error presents a serious problem when the detection 
signal is to be used for controlling the amount of fuel 
injection. 
The feature of the present invention, therefore, is to 

prevent the occurrence of the above-mentioned error 
by providing adjusting means which operates so that 
the response characteristics of the‘ current for heating 
the temperature-dependent resistor‘ become equal when 
the air flow rate is increased or is decreased. 
The response characteristics of the heating current 

can be adjusted by either a system which takes out the 
output signal that represents the heating current via a 
transmission means that adjusts the response character 
istics, or a system which has an adjusting means incor 
porated in the circuit which controls the heating cur~ 
rent, in order to adjust the response characteristics of 
the heating current. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the whole setup of 
an embodiment of the present invention; 
FIG. 2 is a circuit diagram of a block 40 of the em 

bodiment of FIG. 1; 
FIGS. 3a~3d illustrate time charts for comparing the 

characteristics of the circuit of FIG. 2 with the charac 
teristics of a conventional circuit; 
FIG. 4 is a diagram showing the characteristics of the 

circuit of FIG. 2; 
FIG. 5 is a diagram of a circuit 60 of FIG. 2 accord 

ing to another embodiment; 
FIG. 6 is a diagram of the circuit 60 of FIG. 2 accord~ 

ing to a further embodiment; 
FIG. 7 is a diagram of the circuit of FIG. 2 according 

to yet another embodiment; and 
FIG. 8 is a diagram of the circuit of FIG. 2 according 

to still further embodiment. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 illustrates the state in which an air-?ow sensor 
10 is installed. A throttle chamber 14 is provided be 
neath a main venturi 12, and a ?rst throttle valve 16 and 
a second throttle valve 18 are provided in the chamber 
14. A fuel injector 20 for injecting the fuel is attached to 
the throttle chamber 14 downstream of the ?rst throttle 
valve 16. The air is introduced through the air ?lter (not 
shown) provided upstream of the main venturi 12, 
passes through the main venturi 12, is admixed with the 
fuel injected from the injector, and is introduced into a 
cylinder of an internal combustion engine through the 
throttle valve. A portion of the intaken air ?ows into a 
by~pass 24 as indicated by the arrow due to the pressure 
differential between the upstream portion of the main 
venturi 12 and a slit 22. The by-pass 24 is provided in a 
portion of a venturi chamber body 26 which forms the 
main venturi. Namely, the air which has passed through 
the by-pass 24 meets the air in the main venturi 12 
through the slit 22 that is formed in the circumference 
of the inner wall of the main venturi 12. 
The intake air stream is uniformalized by an air guide 

plate 28 made of a metal or an insulating material in 
stalled on the upstream side of the sensor 10. Desirably, 
the guide plate 28 has a hole of circular shape. There 
fore, the by-pass 24 should have a circular cross section. 
Reference numeral 30 denotes an ori?ce which works 
to set constant the ratio (?owing ratio) of the air flow 
rate flowing through the main venturi 12 to the air flow 
rate flowing through the by-pass 24. A dust cover 32 
covers areas wider than that of the hole of the guide 
plate 28 so that dust and dirt in the intakes air will not 
directly enter into the by-pass 24. 
The sensor 10 consists of a resistor ‘10w (FIG. 2) for 

measuring the flow speed, and a resistor 10Tfor temper 
ature compensation. These resistors are formed by 
winding a platinum wire on a ceramic support member. 
A sensor control circuit 40 controls the electric current 
which heats the resistors. The sensor control circuit 40 
produces from its output terminal a sensor output signal 
V0,” which is temperature-compensated and response 
adjusted. The output signal is fed to an engine control 
unit 90, which calculates the amount of the intaken air 
by the fourth-power operation method or the mean 
value operation method. The engine control unit 90 
consists of a microprocessor, and performs many other 
functions in addition to calculating the amount of the 
intaken air. For example, the engine control unit 90 
calculates the time for injecting the fuel from the injec 
tor 20 based upon the thus calculated amount of the 
intaken air. 
FIG. 2 shows a sensor control circuit 40 according to 

an embodiment of the present invention. The sensor 
control circuit so adjusts the heating current that the 
temperature of the resistor 10w for measuring the air 
flow speed will establish a predetermined difference 
from the temperature of the air. The sensor control 
circuit further possesses means for adjusting the re 
sponse characteristics of the heating current. 
A resistor 41 is connected in series with the resistor 

10w for measuring the flow speed, and their connection 
point P is connected to a non-inversion input terminal of 
an operational amplifier 42. The other end of the resis 
tor 41 is grounded, and a resistor 43 is connected be 
tween the grounded point and an inversion input termi 
nal of the operational amplifier 42. A series ‘circuit con 
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4 
sisting of the resistor 10Tfor temperature compensation 
and a resistor 44 is connected between the output termi 
nal of the operational ampli?er and the invention input 
terminal thereof. Further, a series circuit consisting of a 
resistor 45 and a resistor 46 is connected in parallel with 
the resistor 10w for measuring the air flow speed. The 
resistances of the two resistors 45 and 46 are signi? 
cantly greater than that of the resistor 10w. A connec 
tion point between the resistor 45 and the resistor 46 is 
connected to an inversion input terminal of an opera 
tional ampli?er 48 via a resistor 47. The output terminal 
of the operational ampli?er 42 is connected to a non 
inversion input terminal of the operational amplifier 48 
via a resistor 49. Further, a resistor 50 is connected 
between ground and the non-inversion input terminal of 
the operational ampli?er 48, a capacitor 51 is connected 
between the non-inversion input terminal and the inver 
sion input thereof, and a resistor 52 is connected be 
tween the inversion input terminal thereof and the resis 
tor 45. The output of the operational ampli?er 48 is fed 
via a resistor 53 to the base of a transistor 54 that is 
biased through a resistor 55. The collector of the tran 
sistor 54 is connected to the power supply Vcc and the 
emitter is connected to one end of the resistor 10w. 
The operation of the above-mentioned circuit portion 

will be described below. In the circuit of FIG. 2, the 
heating current I for the resistor 10w is so adjusted that 
the potential at a connection poin't'between the resistor 
45 and the resistor 46 becomes equal to the output po 
tential of the operation ampli?er 42. Therefore, the 
following equilibrium condition holds true. 

R46 (4) 
R45 + R46 ‘R43 . Rw R41 ' (R44 + RT) = 

where Rw denotes the resistance of the resistor 10w for 
measuring the air flow speed, Rrdenotes the resistance 
of the resistor 10]" for temperature compensation, and 
R41, R43, R44, R45 and R46 denote resistances of the 
resistors 41, 43, 44, 45 and 46. 

Here, only a very small current flows into the resistor 
101. Therefore, the temperature is substantially equal to 
the temperature of the intaken air. Accordingly, if the 
temperature of the intaken air is denoted by Ta, and the 
temperature of the resistor 10w by Tw, the resistances 
Rw and RT can be given by the following relations, 

Rw=Rw0(1+aTw) (6) 

where R 71) and Rwo denote the resistances of the resis 
tors 10Tand 10w at a temperature of 0° C., and a denotes 
the temperature coef?cient of resistance of these resis 
tors. 

From the equations (4), (5) and (6) above, the follow 
ing equation holds true. 

(7) 
_ 1 Ras-Rwo . 

Tw-— Ta-_ (1 (l-ditpm) ([+a7w) 

, R46 

where [\1 :m 

From the thermal balance of the resistor 10w, on the 
other hand, the following equation holds true. 
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‘ , . (8) 

121m = (a + N; ) (Tw ; ms 

where q,, denotes an air flow rate through the by-pass, a 
and b denote constants, and S denotes a surface area of 
the resistor 10w. 
The following equation is obtained from the equa 

tions (6), (7) and (8). 

10 
II=KZ<Q+NZD H 

where K; is a constant. 
‘Using the circuit of FIG. 1, therefore, it is possible to 

?nd the air ?ow rate qa from the current I that flows 
into the resistor 10w. The current I is nearly equal to the 
current‘which ?ows through the resistor 41. Therefore, 
the voltage V; at the connection point P represents the 
current I. 

In the circuit of FIG. 2, a response-adjusting circuit 
60 is connected to the connection point P, and a poten 
tial Vout producedat the output terminal Q of the cir 
cuit 60 is used as a sensor output signal. An operation 
ampli?er 61 which receivesthe potential of the connec 
tion point P forms a non-inversion ampli?er circuit 
together with resistors 62 and 63, and its output is fed to 
a buffer ampli?erv 65 through a diode 64. Further, an 
operational ampli?er 66 which‘ receives the potential of 
the connection point P also forms a non-inversion am 
pli?er circuit together with resistors 67 and ‘68, and its 
output is fed to the buffer ampli?er 65 via a resistor 69. 
A capacitor 70 is connected between ground and a 
connection point of diode 64 and resistor 69. When the 
air flow rate qa increases, the capacitor 70 is electrically 
charged by the output of the operational ampli?er 61. 
Therefore, the potential at the connection point‘P ap 
pears at the output terminal Q without delay. When the 
air flow rate qa decreases, on the other hand, a differ 
ence develops between the charging potential of the 
capacitor 70 and the potential at the output terminal of 
the operational ampli?er 61 or 66. The discharge due to 
the above potential difference is carried out through the 
resistor 67. Therefore, the potential decreases according 
to a time constant determined by the resistor 67 and the 
capacitor 70. Accordingly, the voltage Vout which 
appears at the output terminal Q lags by a ‘factor of the 
?rst order behind the change in the heating current I. 
The output Q of the" above sensor control circuit is 

connected to an ‘engine control unit 80 which reads the 
output voltage‘Vout of the sensor‘control circuit at a 
period related to the running speed of the engine, and 
which calculates the intake air flow rate q” at an instant 
moment in accordance with the following equation, 

qa=(Vout2—Q2 ' (1,1) 

The engine ‘control unit further calculates an intake 
air flow rate by'?nding an average value q}, of a cylinder 
of the engine during a period of an intake ‘stroke. The 
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tioned in detail in US. Patent application Ser. No. 
218,671. ‘ . 1 

Diagrams a, b, c and d of FIG. 3 show the experimen 
tal results which help con?rm the effects of the embodi 
ment of FIG. 2. According to this experiment, the ven 
turi chamber body 26 of FIG. ‘1 is mounted on the inlet 
port of the air duct which is placed in a predetermined 
negative~pressure condition, and the air stream which 
flows through the venturi is permitted to ?ow or inter 
rupted by an electromagnetic valve that is disposed in 
the duct. The diagram a of FIG. 34 shows the response of 
the heating current I when the speed of air flow is raised 
at to and is broken at t1. Further, the diagram b of FIG. 
3v shows a response of a signal when the heating current 
is converted directly into the speed of air ?ow respon 
sive to the diagram a of FIG. 3. This signal is obtained 
by preparing an analog circuit which performs the 
arithmetic operation according to the equation (1 l), and 
by applying a voltage Ypat the point P of FIG. 2 to the 
‘analog circuit. The diagram d of FIG. 3 shows the 
response of a signal when the output Vout of the re 
spouse-adjusting circuit 60 of FIG. 2 is converted to the 
speed of air flow by the above-mentioned analog circuit 
responsive to the heating current I which is shown in 
the diagram c of FIG. 3. Referring to the diagram b of 
FIG. 3, the breaking response is quicker than the rising 
response. Referring to the diagram d of FIG. 3, on the 
other hand, the breaking response is nearly equal to the 
rising response. 
FIG. 4 shows measured results of voltages Vp and 

Vout of the circuit of FIG. 2 relative to the intake vac 
uum of the engine with the running speed N of the 
engine as a parameter. When the running speed remains 
constant, the intake air ?ow rate increases as the intake 
.vacuum approaches zero, i.e., as the throttle is opened 
and, hence, the values VP and Vout increase corre 
spondingly. Referring to FIG. 4, however, the value 
Vp decreases as the intake vacuum approaches zero in 
the vicinity where the intake vacuum is close to zero, 
with the engine running at a speed of 5000 rpm or 4000 
rpm. This is attributed to the fact that the air stream 
intake by the engine pulsates vigorously in this region, 
and error is developed by the difference in response of 
the heating current of the sensor toward the increasing 
direction or decreasing direction. 
The output voltage Vout after the response charac 

teristics have been adjusted, does: not develop such a 
particular phenomenon. It is therefore considered that 
the error is compensated and the intake air flow rate is 
correctly indicated by the output voltage Vout. 
FIG. 5 shows another response-adjusting circuit 

which can be used in place of the response-adjusting 
circuit 60 of the embodiment of FIG. 2. The circuit of 
FIG. 5 is different from the circuit 60 of FIG. 2 in that 
it does not have the non-inversion ampli?er circuit 66 
and that one end of the resistor 69 is gounded. When the 
input potential VP rises, the circuit operates quite in the 
same manner as the circuit 60; the change in the input 
potential appears on the output terminal Q without 
delay. When the input potential VP decreases, on the 
other hand, the electric charge stored in the capacitor 
70 is discharged to ground via the resistor 69. There 
fore, the output voltage Vout that appears on the output 
terminal Q of the buffer ampli?er 65 drops describing a 
predetermined waveform according to a time constant 
determined by the capacitor 70 and the resistor 69. 
FIG. 6 shows still another response-adjusting circuit. 

This circuit consists of a so-called Miller integrator. A 
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capacitor is connected between the output terminal and 
the inversion input terminal of anoperational ampli?er 
71, and a series circuit consisting of a forwardly con 
nected diode 73 and a resistor-74, and a series circuit 
consisting of a reversely connected diode 75 and a resis 
tor 76, are connected in parallel to the input terminal of 
the operational ampli?er.7l. When the input potential 
Vprises, the capacitor 72 is charged according to a time 
constant determined by the resistor 74 and the capacitor 
72. When the input potential drops, the electric charge 
stored in the capacitor 72 is discharged according to a 
time constant determined by the resistor 76 and the 
capacitor 72. Therefore, the voltage Vout appearing at 
the output terminal Q exhibits different response char 
acteristics depending upon whether the input potential 
Vp rises or lowers. ~ 

FIG. 7 shows the sensor control circuit according to 
yet a further embodiment. A series circuit consisting of 
a forwardly connected diode 79 and a resistor 80, and a 
series circuit consisting of a reversely connected diode 
81 and a resistor 82, are connected to the input terminal 
of the operational ampli?er 48. Further, a capacitor 78 
is connected between the output terminal and the input 
terminal of the operational ampli?er 48. Other portions 
of the circuit are the same as those of the circuit of FIG. 
2. When the air ?ow rate increases, the output potential 
of the operational ampli?er 48 rises according to a time 
constant determined by the resistor 82 and the capacitor 
78, and the heating current I increases. When the air 
flow rate decreases, on the other hand, the output po 
tential of the operational ampli?er 48 decreases accord 
ing to a time constant determined by the resistor 80 and 
the capacitor 78, and the heating current I decreases. 
Therefore, by adjusting the resistances of the resistors 
80 and 82, it is possible to adjust the response of the 
heating current I. Consequently, the potential at the 
point P can be used as a sensor output signal Vout. 

I ‘FIG. 8 shows the sensor control circuit according to 
still another embodiment. What makes the circuit of 
FIG. 8 different from the circuit of FIG. 7 is that the 
feedback circuit of the operational ampli?er 48 is 
formed by a resistor 84 instead of the capacitor 78.. 
According to this circuit, the gain of a differential am 
pli?er set up by the operational ampli?er 48 changes 
depending upon whether the air flow rate increases or 
decreases. Therefore, the response of the heating cur 
rent I can be adjusted like the circuit of FIG. 7. 

All of the above-mentioned embodiments employ a 
sensor control circuit which controls the heating cur 
rent by comparing an output potential of a non-inver 
sion ampli?er circuit which has a temperature-compen 
sating resistor in a feedback circuit with a potential that 
is obtained by dividing the potential of a air flow-speed 
measuring resistor by a resistor. However, the present 
invention may employ any sensor control circuit which 
detects the change in the resistance of a resistor for 
measuring the air ?ow speed to control the heating 
current that flows to said resistor, in order to maintain 
the temperature of the resistor constant. Usually, a 
Wheatstone bridge circuit is used which has in one side 
thereof a resistor for measuring the air flow speed. 
What is claimed is: 
1. An intake air amount detecting system for internal 

combustion engines comprising in combination: 
(a) at least one temperature-dependent resistor dis 
posed in an intake air path of the internal combus 
tion engine; ' 

(b) power-supply means for feeding a heating current 
to said temperature-dependent resistor; 
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(0) feedback means which adjusts said heating current 

in response to the change in resistance of said tem 
perature-dependent resistor so as to maintain the 
temperature of said temperature-dependent resistor 
constant; 

((1) signal adjusting means connected to receive a 
signal that represents said heating current for ad 
justing said signal to lag more when the signal 
decreases than when the signal rises; and 

(e) converter means connected to the output of said 
signal adjusting means for converting said output 
into a signal representing the intake air ?ow rate of 
the internal combustion engine. 

2. An intake air amount detecting system for internal 
combustion engines according to claim 1, wherein said 
signal adjusting means includes a current delay element 
that is effective only when said heating current de 
creases. 

3. An intake air amount detecting system for internal 
combustion engines according to claim 1, wherein said 
signal adjusting means includes a Miller integrator that 
exhibits different integration time constants depending 
upon whether the input signal increases or decreases. 

4. An intake air amount detecting system for internal 
combustion engines according to any one of claims 1 to 
3, wherein said feedback means includes temperature 
compensation means which compensates said heating 
current depending upon the temperature of said intaken 
air. ' “ 

5. An intake air amount detecting system for internal 
combustion engines comprising in combination: 

(a) at least one temperature-dependent resistor dis 
posed in an intake air path of the internal combus 
tion engine; ’ 

(b) power-supply means for feeding a heating current 
to said temperature-dependent resistor;~ 

(c) feedback means which adjusts said heating current 
responsive to the change in resistance of said tem 
perature-dependent resistor so as to maintain the 
temperature of said temperature-dependent resistor 
constant; 

(d) response-adjusting means for controlling said 
feedback means to cause the response thereof to be 
more lagged whensaid heating current decreases 
than when said heating current increases; and 

(e) converter means responsive to said heating cur 
rent for converting the value thereof to correspond 
to the intake air flow rate of said internal combus 
xtion engine. 

6. An intake air amount detecting system for intemal 
combustion engines according to claim 5, wherein said 
response-adjusting means forms part of said feedback ' 
means and includes adjusting means for adjusting the 
response of a signal applied thereto depending upon 
whether the input signal rises or breaks. 

7. An intake air amount detecting system for internal 
combustion engines according to claim 5, wherein said 
response-adjusting means consists of a circuit which 
changes the gain of said feedback means depending 
upon whether said heating current increases or de 
creases. 

8. An intake air amount detecting system for internal 
combustion engines according to claim 5, wherein said 
response-adjusting means comprises a Miller integrator 
vthat exhibits different integration time constants de 
pending upon whether the signal applied thereto in 
creases or decreases, said response-adjusting means 
being connected as part of said feedback means. 

* * * * * 


